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(54) EXHAUST PURIFICATION DEVICE FOR INTERNAL COMBUSTION ENGINE

(57) The present invention pertains to an exhaust gas
purification device for an internal combustion engine, and
optimizes an amount of fuel supplied during forced re-
generation. The exhaust gas purification device includes
a DPF (16) that traps particulate matter (PM), an exhaust
gas temperature sensor (19) that detects temperature of
an exhaust gas, an electrostatic capacity detection unit
(17a, 17b, 21) that detects an electrostatic capacity of
the DPF (16), an accumulated-amount estimation unit
(22) that estimates an amount of PM accumulated in the
DPF (16) on the basis of the electrostatic capacity, and
a filter regeneration unit (13, 23) that can perform forced
regeneration. On the basis of an accumulated-amount
threshold that is lower than an upper PM accumulation
limit and a temperature threshold at which the accumu-
lated PM can still be burned and removed even if an
amount of fuel supply is reduced, the filter regeneration
unit (13, 23) performs the forced regeneration if the
amount of accumulated PM has reached the accumulat-
ed-amount threshold and the exhaust gas temperature
reaches the temperature threshold.
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Description

TECHNICAL FIELD

[0001] The present invention relates to exhaust purifi-
cation devices for internal combustion engines, and in
particular relates to an exhaust purification device that
has a filter for collecting particulate matter in an exhaust
gas emitted from an internal combustion engine.

BACKGROUND ART

[0002] A diesel particulate filter (hereinafter, referred
to as DPF), for example, is known as a filter for collecting
particulate matter (hereinafter, referred to as PM) in an
exhaust gas emitted from a diesel engine.
[0003] The DPF can only collect a limited amount of
PM, and therefore a forced regeneration needs to be per-
formed to periodically burn and remove accumulated PM.
The forced regeneration is performed by supplying un-
burned fuel (primarily HC) to an oxidation catalyst on an
upstream side of an exhaust passage by means of in-
pipe injection or post-injection, and raising the exhaust
gas temperature to a PM-burning temperature with heat
produced upon oxidation.
[0004] For example, Patent Literature 1 discloses an
exhaust gas purification device that performs a forced
regeneration. This exhaust gas purification device esti-
mates an amount of accumulated PM on the basis of the
pressure difference across the DPF between the up-
stream side and the downstream side of the exhaust pas-
sage and a period of travelling of a vehicle (or a distance
of travelling of the vehicle). When the amount of accu-
mulated PM reaches or exceeds a predetermined value,
the exhaust gas purification device performs the forced
regeneration.

LISTING OF REFERENCES

[0005] PATENT LITERATURE 1: Japanese Patent
No. 4070687

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] A flow rate of the exhaust gas flowing in the DPF
changes with the running condition of the engine. Thus,
a differential pressure sensor configured to detect a pres-
sure difference across the DPF between the upstream
side and the downstream side of the exhaust passage is
not always able to estimate an accurate amount of ac-
cumulated PM. If the start control of the forced regener-
ation is carried out based on the vehicle travelling time
(or vehicle travelling distance), the forced regeneration
may be triggered even when the exhaust gas tempera-
ture is low. To avoid it, the low temperature exhaust gas
should be heated to the PM burning temperature. This

requires a large amount of fuel supply, and can deterio-
rate the fuel efficiency.
[0007] The present invention has been made in view
of such problems, and an object of the present invention
is to improve estimation accuracy of an estimated amount
of accumulated PM and to optimize an amount of fuel
supply during a forced regeneration.

SOLUTION TO OVERCOME THE PROBLEMS

[0008] To achieve the above-mentioned object, an ex-
haust gas purification device for an internal combustion
engine according to the present invention includes a filter
that is provided in an exhaust passage of the internal
combustion engine and configured to collect particulate
matter in an exhaust gas, an exhaust gas temperature
detecting unit that is disposed on the exhaust passage
upstream of the filter and configured to detect exhaust
gas temperature, an electrostatic capacity detecting unit
configured to detect an electrostatic capacity of the filter,
an accumulation estimating unit configured to estimate
an amount of accumulated particulate matter, which is
collected by the filter, based on the detected electrostatic
capacity, and a filter regenerating unit configured to sup-
ply fuel to the filter and perform a forced regeneration
that raises a temperature of the filter to a particulate mat-
ter burning temperature. The filter regenerating unit is
configured to perform the forced regeneration when the
estimated amount of accumulated particulate matter has
reached an accumulated-amount threshold and the de-
tected exhaust gas temperature reaches a temperature
threshold. The accumulated-amount threshold is a value
that is smaller than an upper particulate matter accumu-
lation limit. The temperature threshold corresponds to
predetermined high exhaust gas temperature at which
the accumulated particulate matter up to the accumulat-
ed-amount threshold can still be burned and removed
even if an amount of fuel supply is reduced.
[0009] The exhaust gas purification device may further
include a correcting unit for changing the temperature
threshold to a lower value when the filter regenerating
unit does not perform the forced regeneration over a pre-
determined period of time.
[0010] The electrostatic capacity detecting unit may in-
clude a pair of electrodes that are disposed in the filter
so as to oppose each other with at least one partition wall
interposed therebetween. The paired electrodes form a
capacitor.
[0011] The exhaust gas purification device may further
include a bypass passage that branches from the ex-
haust passage at a position upstream of the filter and
connects to the exhaust passage at position downstream
of the filter so as to bypass the filter, and a second filter
that is provided in the bypass passage and collects par-
ticulate matter in the exhaust gas flowing through the
bypass passage. The paired electrodes may be disposed
in the second filter such that the two electrodes oppose
each other with at least one partition wall interposed ther-
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ebetween.
[0012] When a forced regeneration of the second filter
is performed, the paired electrodes may be used as a
heater.

ADVANTAGES OF THE INVENTION

[0013] The exhaust gas purification device for an in-
ternal combustion engine according to the present inven-
tion can improve the estimation accuracy of an amount
of accumulated PM, and optimize the fuel supply during
a forced regeneration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1 is an overall configuration diagram schemati-
cally illustrating an exhaust gas purification device
for an internal combustion engine according to an
embodiment of the present invention.
Fig. 2 is a map used to estimate an amount of accu-
mulated PM from an electrostatic capacity in the ex-
haust gas purification device for the internal com-
bustion engine according to the embodiment of the
present invention.
Fig. 3a illustrates a change in the amount of accu-
mulated PM when the exhaust gas purification de-
vice for the internal combustion engine according to
the embodiment of the present invention is used, and
Fig. 3b shows a change in the exhaust gas temper-
ature.
Fig. 4 is a flowchart illustrating the content of control
by the exhaust gas purification device for the internal
combustion engine according to the embodiment of
the present invention.
Fig. 5 is an overall configuration diagram schemati-
cally illustrating an exhaust gas purification device
for an internal combustion engine according to an-
other embodiment.

MODE FOR CARRYING OUT THE INVENTION

[0015] With reference to Figs. 1 to 4, an exhaust gas
purification device for an internal combustion engine ac-
cording to an embodiment of the present invention will
be described. Identical parts are given identical reference
numerals and signs, and their names and functions are
identical as well. Therefore, detailed description of such
parts will not be repeated.
[0016] As illustrated in Fig. 1, a diesel engine (herein-
after, simply referred to as engine) 10 includes an intake
manifold 10a and an exhaust manifold 10b. An intake
passage 11 for introducing fresh air is connected to the
intake manifold 10a, and an exhaust passage 12 for dis-
charging exhaust gas to the atmosphere is connected to
the exhaust manifold 10b. Furthermore, an in-pipe injec-
tion device 13, an exhaust gas temperature sensor 19,

and an exhaust gas post-treatment device 14 are provid-
ed in the exhaust passage 12. The in-pipe injection de-
vice 13 is located upstream of the exhaust gas temper-
ature sensor, and the exhaust gas temperature sensor
is located upstream of the exhaust gas post-treatment
device 14 in the exhaust passage.
[0017] The in-pipe injection device 13 injects unburned
fuel (primarily HC) into the exhaust passage 12 in re-
sponse to an instruction signal from an ECU 20. It should
be noted that the in-pipe injection device 13 may be dis-
pensed with if post-injection for carrying out multiple-in-
jection to the engine 10 is used.
[0018] The exhaust gas temperature sensor 19 detects
the temperature of the exhaust gas flowing in the exhaust
passage 12 upstream of the exhaust gas post-treatment
device 14. The exhaust gas temperature EGT detected
by the exhaust gas temperature sensor 19 is introduced
to an electronic control unit (hereinafter, referred to as
ECU) 20. The exhaust gas temperature sensor 19 is elec-
trically connected to the ECU 20.
[0019] The exhaust gas post-treatment device 14 in-
cludes an oxidation catalyst 15 and a DPF 16. The oxi-
dation catalyst 15 is located upstream of the DPF 16 in
the exhaust passage. The oxidation catalyst 15 and the
DPF 16 are disposed in a casing 14a.
[0020] The oxidation catalyst 15 is formed, for exam-
ple, of a catalyst component supported on a surface of
a ceramic carrier. The ceramic carrier may have a
cordierite honeycomb structure. As unburned fuel (pri-
marily HC) is supplied by the in-pipe injection device 13
or through post-injection, the oxidation catalyst 15 oxi-
dizes the unburned fuel, and raises the exhaust gas tem-
perature.
[0021] The DPF 16 is an example of a filter according
to the present invention, and has, for example, a number
of cells defined by porous partition walls arranged in a
flowing direction of the exhaust gas. The upstream side
and the downstream side of these cells are alternately
plugged. The DPF 16 collects PM of the exhaust gas in
the small cavities of the partition walls and on the surfaces
of the partition walls. Upon the amount of accumulated
PM (PM accumulation) reaching a predetermined
amount, a so-called forced regeneration for burning and
removing the PM is executed. The forced regeneration
is performed by supplying unburned fuel (primarily HC)
to the oxidation catalyst 15 from the in-pipe injection de-
vice 13 or through post-injection and by raising the tem-
perature of the DPF 16 to the PM-burning temperature
(e.g., approximately 600 degrees C).
[0022] The DPF 16 of this embodiment also has a pair
of electrodes 17a and 17b that are disposed so as to
oppose each other with at least one partition wall inter-
posed therebetween. The electrodes 17a and 17b form
a capacitor. The electrodes 17a and 17b are electrically
connected to the ECU 20, respectively.
[0023] The ECU 20 controls fuel injection and other
operations of the engine 10 and the in-pipe injection de-
vice 13, and includes known CPU, ROM, RAM, input port,
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output port, and other components. The ECU 20 also
includes an electrostatic capacity calculating unit 21, a
PM accumulation estimating unit 22, a regeneration con-
trolling unit 23, and a threshold correcting unit 24 as part
of its functional elements. The description continues with
a premise that these functional elements are included in
the ECU 20, which is an integrated hardware piece, but
some of these functional elements can be provided in a
separate hardware piece.
[0024] In this embodiment, the electrostatic capacity
calculating unit 21 and the electrodes 17a and 17b con-
stitute the electrostatic capacity detecting unit of the
present invention. The regeneration controlling unit 23
and the in-pipe injection device 13 (or a fuel injection
device (not shown) of the engine 10) constitute the filter
regenerating unit of the present invention.
[0025] The electrostatic capacity calculating unit 21
calculates the electrostatic capacity C between the elec-
trodes 17a and 17b on the basis of a signal entered from
the electrodes 17a and 17b. The electrostatic capacity
C is given by the following expression 1, where ε repre-
sents the dielectric constant of a medium between the
electrodes 17a and 17b, S represents the area of the
electrodes 17a, 17b, and d represents the distance be-
tween the electrodes 17a and 17b.

[0026] The PM accumulation estimating unit 22 calcu-
lates an amount of accumulated PM, i.e., PMDEP, which
is collected in the DPF 16, on the basis of the electrostatic
capacity C calculated by the electrostatic capacity calcu-
lating unit 21. For example, when conductive carbon ac-
cumulates between the electrodes 17a and 17b, the dis-
tance d between the electrodes 17a and 17b substantially
decreases, and the electrostatic capacity C increases.
When the accumulation of PM in the medium between
the electrodes 17a and 17b progresses, the dielectric
constant ε increases, and the electrostatic capacity C
increases accordingly. In other words, a proportional re-
lation is present between the electrostatic capacity C and
the amount of accumulated PM (PM accumulation), and
thus the amount of accumulated PM can easily be esti-
mated by calculating the electrostatic capacity C. The
ECU 20 stores a map (see Fig. 2) that shows the propor-
tional relationship between the electrostatic capacity C
and an amount of accumulated PM or PM accumulation
PMDEP. This relationship is prepared in advance by an
experiment or the like. The PM accumulation estimating
unit 22 reads the PM accumulation PMDEP, which corre-
sponds to the electrostatic capacity C calculated by the
electrostatic capacity calculating unit 21, from the map.
[0027] The regeneration controlling unit 23 controls the
forced regeneration of the DPF 16 on the basis of the
exhaust gas temperature EGT entered from the exhaust

gas temperature sensor 19, and the PM accumulation
PMDEP estimated by the PM accumulation estimating unit
22. Specific contents of the control will be described with
reference to Figs. 3a and 3b.
[0028] The ECU 20 stores in advance a first regener-
ation trigger threshold THV1, which is indicated by the
broken line A in Fig. 3a, a second regeneration trigger
threshold THV2, which is indicated by the broken line B
in Fig. 3a (i.e., the accumulated-amount threshold of the
invention), and an exhaust gas temperature threshold
THV3, which is indicated by the broken line C in Fig. 3b
(i.e., the temperature threshold of the invention). The first
regeneration trigger threshold THV1 corresponds to an
upper PM accumulation limit of the DPF 16. The second
regeneration trigger threshold THV2 corresponds to an
amount of PM accumulation that can suppress the fuel
supply when the forced regeneration is carried out while
the vehicle is operating with the exhaust gas temperature
EGT having a predetermined high value (e.g., approxi-
mately 400 degrees C). The second regeneration trigger
threshold THV2 is smaller than the first regeneration trig-
ger threshold THV1. The exhaust gas temperature
threshold THV3 corresponds to high exhaust gas tem-
perature (e.g., approximately 400 degrees C) at which
the accumulated PM up to the second regeneration trig-
ger threshold THV2 can still be burned and removed even
if an amount of fuel supply is reduced during the forced
regeneration.
[0029] The regeneration controlling unit 23 carries out
the forced regeneration when the PM accumulation
PMDEP reaches the first regeneration trigger threshold
THV1 (PMDEP ≥ THV1) regardless of the exhaust gas
temperature EGT (see time T3 in Figs. 3a and 3b). The
regeneration controlling unit 23 carries out the forced
regeneration when the PM accumulation PMDEP reaches
or exceeds the second regeneration trigger threshold
THV2 and is smaller than the first regeneration trigger
threshold THV1 (THV2 ≤ PMDEP < THV1), and the exhaust
gas temperature EGT reaches or exceeds the exhaust
gas temperature threshold THV3 (EGT ≥ THV3) (see time
T1 and T2 in Fig. 3b). On the other hand, even if the PM
accumulation PMDEP reaches or exceeds the second
regeneration trigger threshold TFTV2 and is smaller than
the first regeneration trigger threshold THV1 (THV2 ≤
PMDEP < THV1), the regeneration controlling unit 23
refrains from carrying out the forced regeneration when
the exhaust gas temperature EGT is smaller than the
exhaust gas temperature threshold THV3 (EGT < THV3)
(see the broken line Y between time T1 and T2 in Fig.
3b). In other words, when the exhaust gas temperature
EGT is low, the forced regeneration is not carried out.
After that, when the exhaust gas temperature EGT rises
with the change in the vehicle operating condition, then
the forced regeneration is carried out. In this manner, it
is possible to effectively suppress the fuel supply during
the forced regeneration.
[0030] The threshold correcting unit 24 changes the
exhaust gas temperature threshold THV3 on the basis of
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the time, over which the forced regeneration is not per-
formed (hereinafter, referred to as no regeneration period
TNRE). In this embodiment, the no regeneration period
TNRE is calculated by adding up the count of a timer from
turning on of the ignition key (this includes finishing of
the forced regeneration). The ECU 20 stores in advance
the upper time limit TMAX that can accept the inexecution
of the forced regeneration. When the no regeneration
period TNRE exceeds the upper time limit TMAX (TNRE >
TMAX), the threshold correcting unit 24 changes the ex-
haust gas temperature threshold THVT3 to a lower value.
As an exemplary way of changing the exhaust gas tem-
perature threshold, it is preferred that the maximum value
of the exhaust gas temperature EGT (see α or alpha in
Fig. 3b) during the no regeneration period is stored be-
forehand, and the exhaust gas temperature threshold
THV3 is lowered to this maximum value.
[0031] Referring now to Fig. 4, a control process of the
exhaust gas purification device according to the embod-
iment of the present embodiment will be described. This
control starts upon turning on of an ignition key.
[0032] At step 100 (hereinafter, "step" is simply indi-
cated as S), it is determined whether or not the PM ac-
cumulation PMDEP, which is estimated from the electro-
static capacity C, reaches the second regeneration trig-
ger threshold THV2. If the PM accumulation PMDEP is
equal to or greater than the second regeneration trigger
threshold THV2 (YES), then the control proceeds to
S110. On the other hand, if the PM accumulation PMDEP
is smaller than the second regeneration trigger threshold
THV2 (NO), the control proceeds to "Return."
[0033] At S110, it is determined whether the PM accu-
mulation PMDEP, which is estimated from the electrostat-
ic capacity C, reaches the first regeneration trigger
threshold THV1. When the PM accumulation PMDEP is
equal to or greater than the first regeneration trigger
threshold THV1 (YES), the control proceeds to S120, and
the forced regeneration is performed regardless of the
exhaust gas temperature EGT. Then, the control pro-
ceeds to "Return." On the other hand, when the PM ac-
cumulation PMDEP is smaller than the first regeneration
trigger threshold THV1 (NO), the control proceeds to
S130.
[0034] At S130, it is determined whether the exhaust
gas temperature EGT reaches the exhaust gas temper-
ature threshold THV3. If the exhaust gas temperature
EGT is equal to or higher than the exhaust gas temper-
ature threshold THV3 (YES), the control proceeds to
S140 to carry out the forced regeneration. Then, the con-
trol proceeds to "Return." On the other hand, if the ex-
haust gas temperature EGT is lower than the exhaust
gas temperature threshold THV3 (NO), the control pro-
ceeds to S150. In other words, the forced regeneration
is refrained.
[0035] At S150, it is determined whether or not the no
regeneration time TNRE exceeds the upper time limit
TMAX. If the no regeneration period TNRE exceeds the
upper time limit TMAX (YES), the control proceeds to

S160. On the other hand, if the no regeneration period
TNRE is equal to or less than the upper time limit TMAX
(NO), the control proceeds to "Return."
[0036] At S160, the correction is made such that the
exhaust gas temperature threshold THV3 is lowered to
the maximum value of the exhaust gas temperature EGT,
which is stored during S100-S150. Then, the control pro-
ceeds to "Return." After that, S100-S160 are reiterated
until the ignition key is turned off.
[0037] Advantages of the exhaust gas purification de-
vice for the internal combustion engine according to this
embodiment will be described.
[0038] In the conventional forced regeneration, the
start control for the forced regeneration is performed on
the basis of the DPF pressure difference and/or the ve-
hicle travelling time. However, the flow rate of the exhaust
gas changes with the vehicle or engine running condition,
and therefore an amount of accumulated PM may not be
accurately estimated from the DPF pressure difference.
When the start control for the forced regeneration is per-
formed on the basis of the vehicle traveling time (or the
vehicle traveling distance), the forced regeneration may
be carried out even if the exhaust gas temperature is low.
This can increase the fuel supply and deteriorate the fuel
efficiency.
[0039] On the contrary, the exhaust gas purification
device of this embodiment estimates the PM accumula-
tion PMDEP from the electrostatic capacity C between the
two electrodes 17a and 17b disposed in the DPF 16. In
addition, even if the estimated PM accumulation PMDEP
reaches the second regeneration trigger threshold THV2,
the forced regeneration is not performed as long as the
exhaust gas temperature EGT is low (below THV3). The
forced regeneration is performed when the exhaust gas
temperature EGT becomes high (equal to or greater than
THV3), i.e., when the exhaust gas temperature EGT be-
comes a value that can suppress the fuel supply.
[0040] Therefore, the exhaust gas purification device
of this embodiment can accurately estimate the PM ac-
cumulation PMDEP on the basis of the electrostatic ca-
pacity C, which is not influenced by changes in the vehicle
or engine running condition. In addition, the exhaust gas
purification device can effectively improve the fuel effi-
ciency because the forced regeneration is refrained until
the high exhaust gas temperature (equal to or greater
than THV3), which can suppress the fuel supply, is
reached.
[0041] The exhaust gas purification device of this em-
bodiment is configured to change the exhaust gas tem-
perature threshold THV3 to a lower value when the forced
regeneration is not carried out over a predetermined pe-
riod of time.
[0042] Accordingly, the exhaust gas purification device
of this embodiment can reliably carry out the forced re-
generation even if the engine is operated under a certain
condition, i.e., even if the engine is not frequently oper-
ated under heavy load and the exhaust gas temperature
EGT does not become high.
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[0043] It is to be noted that the present invention is not
limited to the above-described embodiment, and appro-
priate changes and modifications may be made to the
above-described embodiment without departing from the
scope and spirit of the present invention.
[0044] For example, as illustrated in Fig. 5, a bypass
passage 18 may be connected to the exhaust passage
12 to bypass the DPF 16, and a DPF 16a for measure-
ment (second filter) with a small capacity may be provided
in the bypass passage 18. In this configuration, it is pre-
ferred that a pair of electrodes 17a and 17b are disposed
in the measurement DPF 16a such that the electrodes
17a and 17b oppose each other with at least one partition
wall interposed between the electrodes 17a and 17b, and
an orifice (throttle) 18a is provided in the bypass passage
18 for regulating the flow rate of the exhaust gas. In ad-
dition, when a forced regeneration of the measurement
DPF 16a is performed, an electric current may be applied
to the electrodes 17a and 17b to cause the electrodes
17a and 17b to function as a heater.

REFERENCE NUMERALS AND SIGNS

[0045]

10: Engine
12: Exhaust passage
13: In-pipe injection device
14: Exhaust gas post-treatment device
15: Oxidation catalyst
16: DPF (filter)
19: Exhaust gas temperature sensor
20: ECU
21: Electrostatic capacity calculating unit
22: PM accumulation estimating unit
23: Regeneration controlling unit
24: Threshold correcting unit

Claims

1. An exhaust gas purification device for an internal
combustion engine, comprising:

a filter that is provided in an exhaust passage of
the internal combustion engine and configured
to collect particulate matter in an exhaust gas;
exhaust gas temperature detecting means that
is disposed on the exhaust passage upstream
of the filter and configured to detect exhaust gas
temperature;
electrostatic capacity detecting means config-
ured to detect an electrostatic capacity of the
filter;
accumulation estimating means configured to
estimate an amount of accumulated particulate
matter, which is collected by the filter, based on
the detected electrostatic capacity; and

filter regenerating means configured to supply
fuel to the filter and perform a forced regenera-
tion that raises a temperature of the filter to a
particulate matter burning temperature,
the filter regenerating means being configured
to perform the forced regeneration when the es-
timated amount of accumulated particulate mat-
ter has reached an accumulated-amount thresh-
old and the detected exhaust gas temperature
reaches a temperature threshold, the accumu-
lated-amount threshold being a value smaller
than an upper particulate matter accumulation
limit, and the temperature threshold correspond-
ing to predetermined high exhaust gas temper-
ature at which the accumulated particulate mat-
ter up to the accumulated-amount threshold can
still be burned and removed even if an amount
of fuel supply is reduced.

2. The exhaust gas purification device for an internal
combustion engine according to claim 1 further com-
prising correcting means configured to change the
temperature threshold to a lower value when the filter
regenerating means does not perform the forced re-
generation over a predetermined period of time.

3. The exhaust gas purification device for an internal
combustion engine according to claim 1 or 2, wherein
the electrostatic capacity detecting means includes
a pair of electrodes that are disposed in the filter such
that the pair of electrodes oppose each other with at
least one partition wall interposed between the pair
of electrodes, said pair of electrodes forming a ca-
pacitor.

4. The exhaust gas purification device for an internal
combustion engine according to claim 3, further com-
prising:

a bypass passage that branches from the ex-
haust passage at a position upstream of the filter
and connects to the exhaust passage at a posi-
tion downstream of the filter so as to bypass the
filter; and
a second filter that is provided in the bypass pas-
sage and is configured to collect particulate mat-
ter in an exhaust gas flowing through the bypass
passage,
wherein the pair of electrodes are disposed in
the second filter such that the pair of electrode
oppose each other with at least one partition wall
interposed between the pair of electrodes.

5. The exhaust gas purification device for an internal
combustion engine according to claim 4, wherein
when a forced regeneration of the second filter is
performed, the pair of electrodes function as a heat-
er.
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